Abstract Investigation of the bioactive metabolites from the soil-derived actinomycete, Streptomyces sp. HS-HY-071, a new furan-type antibiotic, HS071 (1), was isolated. Its structure was established as methyl 4-hydroxymethyl-2-pentylfuran-3-carboxylate on the basis of extensive 1D and 2D NMR and MS spectral analysis. It exhibited in vitro activity against HCT-116 cell with an IC 50 of 18.2 mg/ml.
Introduction
In order to search for new natural antitumor bioactive metabolites, we have screened thousands of microbial strains isolated from the soil samples collected from Xishuangbanna in Yunnan Province. Among them, 257 strains were found having good activities against some lines of tumor cell. In the further chemical study of a strain HS-HY-071, a new furan-type cytotoxic antibiotic, HS071 (1) was isolated. This paper reports the basic taxonomy and fermentation of the strain HS-HY-071 and the isolation, structure elucidation and biological property of 1.
Materials and Methods

Microorganism
The producing organism designated HS-HY-071 was isolated from a soil sample collected at Xishuangbanna, Yunnan, China. Strain HS-HY-071 was deposited in the Pharmaceutical Research Culture Collection, Zhejiang Hisun Group Co., Ltd., with the name of Streptomyces sp. HS-HY-071 under accession No: HSAS071.
Taxonomy
The International Streptomyces Project (ISP) media recommended by Shirling and Gottlieb [1] were used to investigate the culture and physiological characteristics. Cultures were routinely observed after the incubation for two weeks at 28°C. All carbon-sources for carbonutilization tests were filter-sterilized and tested at the concentrations recommended by Shirling and Gottlieb [1] and Williams et al. [2] . Cell wall analysis was performed by the method of Hasegawa and Takizawa [3] . Extraction of genomic DNA and 16S rDNA gene amplification were carried out according to Pitcher et al. [4] 16S rDNA sequences were compared with those of other bacterial 16S rDNA sequences available in the GenBank database.
Fermentation
Strain HS-HY-071 was inoculated into a 500-ml flask containing 100 ml of seed culture medium consisting of (%) soluble starch 1.5, glucose 0.5, peptone 0.5, yeast extract 0.5, NaCl 0.05, MgSO 4 ·7H 2 O 0.05, CaCO 3 0.1, pH 7.2. Incubation was carried out at 28°C for 3 days on a rotary shaker operating at 250 rpm. Then a 7.0% of seed culture broth was cultured in a 20-liter of fermentation at 28°C for 6 days, the medium is consisted of (%) soluble starch 4.0, glucose 0.5, soybean meal 2.5, yeast extract 0. 1 Hand 13 C-NMR assignments were supported by 1 H-1 H COSY, HMQC and HMBC experiments. The ESI-MS and HRESI-MS spectra were taken on a Q-TOF Micro LC-MS-MS mass spectrometer. RP-HPLC was conducted on an Agilent 1100 series. Commercial silica gel (Qing Dao Hai Yang Chemical Group Co., 100ϳ200 and 200ϳ300 mesh) was used for column chromatography.
Biological Assays
Human colon carcinoma cell line HCT-116 was routinely cultured in DMEM containing 10% calf serum at 37°C for 4 hours, in a humidified atmosphere of 5% CO 2 incubator. The adherent cells at their logarithmic growth stage were digested, and were inoculated onto 96-well culture plate at a density of 1.0ϫ10 4 /well for the determination of proliferation. Test samples were added to the medium, and incubation was continued for 72 hours. Coloration substrate, cell counting kit-8 (CCK-8, Dojindo), was added to the medium followed by further incubation for 3 hours. Absorbance at 450 nm with a 600 nm reference was measured thereafter. Media and DMSO control wells, in which compound was absent, were included in all the experiments in order to eliminated the influence of DMSO. The inhibitory rate of cell proliferation was calculated by the following formula:
The cytotoxicity of compound on tumor cells was expressed as IC 50 values (the drug concentration reducing by 50% the absorbance in treated cells, with respect to untreated cells) and was calculated by LOGIT method.
Results and Discussion
Taxonomy of the Producing Strain
The strain HS-HY-071 is a Gram-positive actinomycete which formed well-developed and branching substrate mycelium and aerial mycelium, but fragmentation of the substrate mycelium was not observed. Good growth was observed on ISP-1, ISP-2, ISP-3 and YMS. The best medium for the culture of this strain was ISP-2, on which it grew abundantly ( Table 1 ). The long spore chains were of the Spirales-type with smooth surface. Mature spore were oval with a diameter of (0.5ϳ0.7)ϫ(0.7ϳ0.9) m m. Physiological characteristics and carbon utilization of the strain are summarized in Table 2 . Diaminopimelic acid (DAP) analysis showed the presence of LL-DAP in the peptidoglycan [5] . Furthermore, a BLAST search of 16S rDNA sequences in the Genbank database showed the highest similarity of Streptomyces minoensis. The above results support the identification of this strain as a species of the genus Streptomyces, and named Streptomyces sp. HS-HY-071.
Fermentation and Isolation
Streptomyces sp. HS-HY-071 was grown at 28°C in a 20- liter of fermentation. After 6 days, the cultured broth (9.0 liters) was centrifugated to separate mycelial cake and supernatant. The mycelial cake was extracted with MeOH (3.0 liters) and the supernatant was extracted with Diaion HP-20 and eluted with 95% EtOH. The combined MeOH soluble and the EtOH eluates were evaporated to give 11.5 g of crude extract. This crude extract was subjected to a silica gel column and eluted with petrol ether -Me 2 CO from 19 : 1ϳ1 : 1. The active fractions showing inhibitory activity against HCT-116 cell were collected and evaporated to afford 550 mg of a residue. The residue was also subjected to a Sephadex LH-20 column and eluted with MeOH and the active fraction was further separated by semi-preparative HPLC using a reversed-phase column (Zorbax SB-C18, 5.0 mm, 250ϫ9.4 mm i.d) and a solvent of 75% MeOH/H 2 O with a flow rate of 1.5 ml/minute at a room temperature. The eluates were monitored with a photodiode array detector at 220 nm. Compound 1 was eluted at 12.3 min to give pure 1 (9 mg) as a viscous colorless oil.
Physico-chemical Characterization and Structure Determination
Compound 1 (Fig. 1) Temperature range for growth (°C) 15ϳ36
Optimal temperature for growth (°C) 26ϳ30
Production of H 2 S ϩ
Liquefaction of gelatin Ϫ
Degradation of casein Ϫ
Hydrolysis of starch ϩ
Reduction of nitrate ϩ
Carbon utilization Fig. 1 The structure of HS071 (1) The gross structure of 1 was established mainly based on the 1 H-1 H COSY and HMBC correlations (Fig. 2) . In the placed at C-3. Thus, the structure of 1 was completely elucidated and it was methyl 4-hydroxymethyl-2-pentylfuran-3-carboxylate.
Biological Activities
We examined the inhibitory activity of compound 1 against the growth of human colon carcinoma cell line HCT-116 using the CCK-8 colorimetric method as described in the materials and methods section. Compound 1 dosedependently inhibited the growth of HCT-116 cells with an IC 50 value of 18.2 mg/ml. 
